The aim of the present study was an attempt to utilize density measurements using different methods as 3D scanning, hydrostatic, and pycnometric for the estimation of chemical composition of 20 pork semispinalis capitis. The density determined with direct (hydrostatic, pycnometric) and indirect (3D scanning) methods was correlated with water, protein, fat, and ash content. The highest correlation coefficients (absolute value) between density and water (r = 0.86), protein (r = 0.79), and fat (r = − 0.87) content of pork necks were found for hydrostatic method. Despite the standard error of prediction (SEP) obtained for density determination using 3D scanning method was close to acceptable tolerance range recommended by the EU law, which amounts to 20% mean value on the declaration of calculated fat and protein content in a product, further studies are needed on a larger population of samples.
Introduction
Raw material standardization constitutes a very important problem of the meat industry. The control of the basic chemical component content of meat is important for technological, economical as well as legal aspect of process manufacturing. Raw material that is standardized for the basic chemical composition allows for obtaining the production repeatability (Prieto et al. 2009a; Campagnol et al. 2012; Ham et al. 2016) . The role of pork meat standardization in the technological aspect will be the determination of basic chemical component content in each production lot. The lack of raw material homogeneity constitutes a serious difficulty in the processing because production processes not only do equalize, but also intensify the quality differences within the same product assortments (Campagnol et al. 2012; Ham et al. 2016) .
Losses incurred by the manufacturer as a result of manufacturing products with fat level lower than assumed have economic importance, which is related to the difference in prices of lean meat and fine fat (Windham et al. 2003) .
Legal importance of raw material standardization results from the need to ensure the compatibility of the finished product composition with, e.g., company standardization documents. The problem of standardization takes on particular legal significance because of the approaching deadline for the mandatory labeling of product nutritional value-starting from December 13, 2016 , following European Union Regulation 1169 (Regulation EU 2011 . The problem is of particular importance for whole muscle products such as kesslers, sirloin steaks, hams, and bacon in which the determination of the basic chemical composition using standard methods involves sample destruction. Results of a single element examination often do not reflect the content of basic chemical components in an entire production lot (Adamczak et al. 2015) . Thus, meat chemical composition should be one of the strict control elements. The standard methods of its analytical determination are timeand labor-consuming (Gaitán-Jurado et al. 2008; Prieto et al. 2009b; Wold et al. 2011) . Methods based on the use of nearinfrared reflectance spectroscopy (NIR) or dual X-ray (DXR) are used in practice but require acquisition of relatively expensive equipment (De Prados et al. 2015; Li et al. 2016) . It may constitute a barrier for meat processing plants with small or medium production size. Therefore, there is a need for new methods that will determine chemical composition of meat relatively fast (ElMasry and Nakauchi 2015).
The literature (Adamczak et al. 2015; Nowak et al. 2016 ) demonstrates that chemical composition of meat (water, protein, and fat content) is strictly correlated to its density. The density determination can be performed using several methods: pycnometric, hydrostatic, and indirectly with modern method of 3D scanning, thanks to which a precise volume determination is possible, which allows for the calculation of a product density (Marcotte et al. 2008; Michailidis et al. 2009; Kelkar et al. 2011 ). In the publications on the use of 3D scanning in food examinations, the authors focused their attention primarily on issues of precision of product volume estimation. As an example, Uyar and Erdoğdu (2009) determined that there exists a possibility to use a 3D scanning technique for the determination of volume of food products with irregular shapes, such as bananas, pears, and eggs. Goñi et al. (2007) using 3D scanning technique determined the volume of pieces of meat. The 3D scanning method was also used for the determination of cereal product porosity, and the authors underlined the fact that using this method does not require analytic preparation of a sample (Russ 2015) .
In case of the pycnometric method, its use is limited to minced meat (the measuring vessel should be accurately filled), but the 3D scanning and hydrostatic methods can be used in determining the density of the whole meat elements. The disadvantage of the hydrostatic method is the necessity to immerse the meat in a reference liquid.
The theoretical relationship between the meat density and its fat content can be calculated as follows:
1) the principle of density additivity:
where x w , x p , x f , x a mass fractions of water, protein, fat, ash, respectively
density of water, protein, fat, ash, respectively
2) the sum of mass fractions of components, equal to the unity:
3) BFeder's number^determining the amount of water (x w ) to protein (x p ) ratio:
The BFeder's number,^in English-speaking countries, is sometimes referred to as BStubbs' and More's number ( Feder 1913; Stubbs and More 1919; Reith et al. 1955; Kenawi et al. 2009 ), depends on animal species, from which meat is obtained and the element of carcass as well. This value changes for individual elements of carcass only to a slight degree. As an example, for poultry meat, this ratio remains in the range between 3.05-3.78 and the lower values characterize turkey meat. For pork meat, the x w /x b ratio ranges from 3.24 to 3.85. The mutual relationships between water and protein content were used in the EU procedures on the determination of meat content in, e.g., products from pork meat. They are also used for the determination of the amount of water absorbed by carcasses or ready-to-cut portions of chicken during postmortem cooling (Commission Regulation 2002 .
On the basis of Eqs. 1, 2, and 3 and by calculating the constant A that amounts to A = (N Fe + 1) and by assuming that ash content in meat remains at the level of 1.0% after conversions, the following correlation is obtained:
Assuming low variability of N Fe and the fact that ρ f < ρ w and ρ p , the density of the system will be inversely proportional to the fat content (x f ). Thus, the correlation allows to correlate the density with fat content and also indirectly with the content of the remaining chemical components (water and protein).
The aim of the present study was an attempt to utilize density measurements using different methods as 3D scanning, hydrostatic, and pycnometric for the estimation of chemical composition of pork meat (m. semispinalis capitis).
Materials and Methods

Sampling Procedure
Twenty pork semispinalis capitis muscles constituted the study material. The raw material was obtained from 20 different right pork carcasses from three different slaughter days. Weight of fatteners slaughtered under industrial conditions (pigs of the Polish Large White or Polish Landrace breed crosses) ranged between 95 and 110 kg.
The carcasses were cooled following the procedures of the slaughterhouse, i.e., for 24 h using two-stage cooling (1st air temperature − 10°C, time 1-2 h, 2nd air temperature 0-4°C, time approx. 22 h, till temperature in the thermal center of muscle not higher than 4°C). After this time, muscle samples of approximately 1000 g each were obtained, and the raw material, which had variable intramuscular fat content (visual assessment), was selected for the study. Visual assessment was performed and low, medium, and high fat contents were selected on the crosssections of meat samples.
First, 3D scanning of the whole pork necks was performed. After the density was determined using this method, each sample of the material was minced in a meat grinder (MESKO, Skarżysko Kamienna, Poland) with orifice diameter 2 mm and homogenized by precise mixing. Then, from this prepared material, independent meat samples were obtained to determine the density with the use of pycnometric and hydrostatic methods.
3D Scanning-Whole Meat Element Volume and Density Determination
On the basis of point clouds obtained using the ScanBright archeo 2 volume (SMARTTECH, Łomianki, Poland) scanner, the determination of density of the studied pork necks was performed. The methodology was done according to Adamczak et al. (2015) . Briefly, the detector resolution was 2560 × 1920 (pix) and the test was conducted in the following scanning field 180 × 240 × 210 mm (height × depth × width). The source of light was white. The accuracy of the device was 0.03 mm (declared by the manufacturer). The scanner was equipped with a rotation table and a ball head tripod. The elements were placed on a rotation table and nine scans were captured at every 40°to obtain a complete image of it (the duration of one sample scanning process was around 180 s). Using the commercial software (Mesh3D), the artifacts in the generated images were removed. In order to facilitate the further data processing, the point cloud was dispersed using a linear algorithm whose simplification value was 2 mm. After the dispersion, the clouds contained 34.000 points. Using the Leios2 software (E.G.S., Italy), the solids were constructed and the densities (mm 3 ) were determined based on the simplified point cloud.
Then, the weight of each pork neck was obtained to determine its density. The weight was obtained using scales with precision to 0.01 g (Axis AGZ 4000C, Axis, Gdańsk, Poland). The density was determined using the formula:
m weight (of a pork neck) (g), V volume determined using scanning method 3D (cm 3 ).
Pycnometric Method-Minced Meat Density Determination
A test tube with volume 94.76 cm 3 was used to obtain the pycnometric density measurements of the minced meat. The tube was exactly filled with small portions of the minced meat so that free spaces were removed. The meat was smoothed at the ends of the tube using a glass plate. Then, the test tube was weighed on an analytical scale (precision 0.0001 g, VAA 210/ C/1, Radwag, Radom, Poland). Meat density was obtained by dividing the weight of a sample by the volume of the test tube, according to Eq. (5). For each meat sample, measurement was performed three times, and the results were averaged. This procedure was adopted according to Marcotte et al. (2008) .
Hydrostatic Method-Minced Meat Density Determination
The measurement was conducted for three meat samples with weight of approx. 50 g obtained from each minced pork neck. The scales equipped with an attachment for the determination of density of solids using hydrostatic method were used (WPS 360/C/2, Radwag, Radom, Poland). The samples were weighed in air and then the same samples were immersed in the reference liquid (water) and their mass was also determined. Water temperature was controlled (4-6°C) and included in the following calculations. Meat sample density was calculated according to the formula: ).
The obtained results were averaged. Samples, which were used for the determination using hydrostatic method, were not used for the determination of the basic chemical composition of the meat, due to their contact with the reference liquid. Temperature of meat during measurement did not exceed 5°C.
Basic Chemical Composition Determination
The content of water, fat, protein, and ash in such prepared samples was determined using the appellate methods (AOAC 2000) . The moisture content was determined by drying the samples at 105°C for 3 h (SUP-65 dryer, Wamed, Warsaw, Poland). The fat content was determined by Soxhlet extraction (Büchi Extraction System B-811, Büchi, Switzerland). The protein content was determined by the Kjeldahl method (Velp Scientifica UDK 129 Distillation Unit, Poland). The ash content was determined by ashing the samples at 550°C for 24 h in a muffle furnace (P.E.M.-2, Prodryn, Wodzisław Śląski, Poland). For each meat sample, two repetitions were made, and the results were averaged.
Statistical Analysis
Using the Statistica ver. 10 PL (StatSoft Inc. Tulsa, USA) software, the obtained results were subjected to the statistical analysis. One-way ANOVA was used to determine the differences in density evaluated by various methods. The detailed testing was conducted using Tukey's HSD test (significance level P < 0.05). From the theory, it is known that the relationship between the density and the fat content of meat is of the character of a reciprocal function (see Eq. 4). In order to determine the empirical relationship between the density and the content of individual chemical components of meat, comparison of alternative models was made. For each method of density determination, best fit regression models were, however, different and also differentiated for protein, water, and fat content in meat. In case of the linear model, all calculated correlation coefficients between the density determined by different methods and the content of individual chemical components were statistically significant, which is why this model was chosen to be presented in this article. Relationships between the meat density obtained using 3D scanning, pycnometric, and hydrostatic method and chemical composition were determined using Pearson linear correlation. Regression equations were estimated between the water, protein, fat, and ash content and the density of the studied meat. All statistical analyses were conducted at a significance level of P < 0.05. To determine the accuracy of estimation of content of chemical components on the basis of the meat density found using different methods, the standard error of prediction (SEP) was calculated.
Results and Discussion
Raw Material Characteristic
The studied pork necks were characterized by variability of chemical composition (Table 1 ), e.g., fat content remained in a wide range between 9.59 and 22.91%. An obtained mean content values and medians for all chemical components indicate equal distribution of samples in the entire variability range. Mean meat densities determined using 3D scanning method and hydrostatic method amounted to 1.0410 and 1.0382 g/cm 3 , respectively. On the contrary, a significantly higher meat density was determined from the measurements performed using pycnometric method (Table 1) ). The analyzed pork necks were characterized by a high variability of fat content (difference between minimum and maximum value was approx. 13% units) and the lowest for protein (approx. 5% units). The change of fat content in the meat samples in the range from minimum to maximum value caused variable changes of density depending on the used determination method (from approx. 0.03 to 0.1 g/cm 3 , Table 1 ). Compared to fat, water content in the pork necks changed to a lesser range (approx. 10% units, Table 1 ). The lowest variability was observed in the ash content of meat, the mean level of which was 0.92%, thus similar to the value assumed in the theoretical considerations of the present study's topic.
Correlation Between Density and Chemical Composition of Meat
Relationships between density, measured using different methods, and the content of the basic chemical components of pork necks were determined on the basis of correlation analysis. The significance (P < 0.05) of correlation was determined between water, protein, and fat content and the densities of meat samples' measurement by the different methods were assayed. The obtained correlation coefficients and regression equations are presented in Table 2 . The highest (in the absolute value) correlation coefficients were found between fat and water content and the meat density, independent of the method used. The lowest correlation coefficient was found in the case of protein content (Table 2 ) and the lowest and not significant in the case of ash content (not shown). Among the used methods of meat density determination, the hydrostatic method was characterized by the highest *Coefficient significant at P < 0.05 Fig. 1 Relationship between the density determined using hydrostatic method and fat content in the examined pork necks correlation coefficients (in the absolute value) with characteristic features of chemical composition of pork necks (Table 2) . In this method, the strongest correlation was found between the meat density and the fat and water content. The relationship between the meat density, determined using hydrostatic method, and fat content is presented in Fig. 1 . Dotted lines indicate confidence and prediction bands (for the level 0.95). Noteworthy is the fact of the considerable variability of equations between individual density determination methods. This indicates that in the case of an attempt at using each of these methods for the estimation of chemical composition of meat, an individual determination of regression equation should be used. In contrast to our research, Marcotte et al. (2008) found no correlation between the density of fine emulsion of bologna and wieners, coarse emulsion of pepperoni, turkey emulsion and flaky ham, and their chemical composition (water, protein, and fat content). Authors found only a correlation between the density of the emulsion and the content of carbohydrates.
On the basis of standard errors of prediction (SEP) values, the precision of water, protein, and fat content estimation on the basis of the density determined using hydrostatic method of the examined meat was 1.7, 0.7, and 2.2%, respectively. Higher SEP values were determined for pycnometric method and 3D scanning method (Table 2) . It seems that the calculated accuracy of estimation can be sufficient for the correct production planning and the may be the basis for calculating the nutritional value of meat products in order to place the nutritional declaration on a label. The SEP obtained in the present study for 3D method at the level of 3.3% for mean fat content at 15.39 and 1.0% for protein content at 17.37% is close to the tolerance range recommended by the EU law, amounting to 20% of the mean value on the declaration of fat and protein content in the product (European Commission 2012). Although the 3D method was characterized by lower correlation coefficients and higher prediction error, for chemical composition estimation of the whole muscle elements, it can be possibly used under industrial conditions (it does not require a sample being trimmed/minced or immersed in reference liquid). However, the cost of this device is relatively high (approx. 50,000 €) and duration of one scanning process (depending on the resolution and the number of scans collected per one 3D image). In addition, industrial applications would require the development of software for automatic processing of acquired scans/images, because the manual scan postprocessing is, for this moment, time-consuming. In the publications on the use of 3D scanning in food examinations, the authors mainly focused their attention primarily on issues of accuracy of product volume estimation. For example, Goñi et al. (2007) using 3D scanning technique determined the volume of, e.g., pieces of meat with mean estimation error lower than 2%.
Conclusions
Regardless of the used method, the pork neck density can constitute in the future basis for the estimation of its basic chemical component content. The hydrostatic and pycnometric methods, due to the ease of determination and low cost of equipment, can constitute alternatives for methods requiring more expensive devices for the determination of chemical composition of minced meat. However, despite the high correlations between density determined using hydrostatic and pycnometric methods, and the water, protein, and fat content in the studied pork necks, their use in the industrial practice may be limited. This limitation stems from the need to grind and homogenize the sample obtained from a production lot and, therefore, the methods cannot be used for the estimation of chemical composition of the whole muscle elements (ham, neck). The 3D scanning method is not characterized by such limitations, but it is relatively expensive and still timeconsuming. However, further studies on a larger scale of samples are needed. Research should take into account all the fat and protein meat content range and different meat cuts to be able to define which method has more precision.
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